
MIGRATORY BIRDS MAKE repeated annual deci-
sions about site settlement on both breeding 
and nonbreeding grounds.  Each year a fraction 
of surviving individuals return to sites occupied 

in previous years.  The accumulation of capture 
histories, and the widespread distribution of 
capture–recapture software to analyze such 
data (Lebreton et al. 1992) have lead to a prolif-
eration of estimates of apparent annual survival 
rates for migratory birds.  Apparent survival 
rates measure the probability that an individ-
ual will both survive over a time period, and if 
alive, return to a site it previously occupied.     

In this study, we estimate apparent sur-
vival rates of male Western Sandpipers (Calidris 
mauri) wintering at an isolated estuary in 
northwestern Baja California, Mexico.  Western 
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Sandpipers are one of the most common west-
ern hemisphere shorebirds (Morrison et al. 
2000), with a global population on order of 
3–3.5 million birds (Bishop et al. 2000).  The spe-
cies breeds primarily in the western subarctic of 
Alaska, and winters primarily along the Pacifi c 
coast from California to Peru, and the Atlantic 
coast from New Jersey to Surinam (Wilson 
1994), with males predominating at more north-
erly latitudes (Page et al. 1972, Harrington and 
Haase 1994, Buenrostro et al. 1999, Nebel et 
al. 2002).  Western Sandpipers exhibit return 
rates and apparent annual survivorship rates of 
50% or higher to breeding territories  (Holmes 
1971, Sandercock et al. 2000) and specifi c win-
tering areas (Rice 1995, Fernández et al. 2001, 
O’Hara 2002).  Like other shorebirds, Western 
Sandpipers may defend small feeding territo-
ries under appropriate ecological conditions 
during the nonbreeding season (Tripp and 
Collazo 1997, Johnson et al. 2001, G. Fernández 
pers. obs.), but, in general, their nonbreeding 
population structure consists of broadly over-
lapping home ranges (Warnock and Takekawa 
1996).  As is typical of migratory shorebirds, the 
species spends only approximately 2–3 months 
on the breeding grounds, and most annual mor-
tality probably occurs on migration or during 
the nonbreeding season (Evans 1991) when pre-
dation can account for loss of substantial frac-
tions of local populations (Page and Whitacre 
1975, Cresswell and Whitfi eld 1994), and den-
sity-dependent mortality due to interference, 
competition for food, or both also may occur 
(Goss-Custard 1977). We tested whether age 
and annual variation affected apparent survival 
and resighting rates. 

Apparent annual survival estimates have 
been made primarily from data at breeding 
sites, and we know much less about rates based 
on survival and return to nonbreeding sites 
(Sherry and Holmes 1995, 1996; Warnock et al. 
1997; Robertson and Cooke 1999; Johnson et al. 
2001).  Sandercock and Jaramillo (2002) propose 
that generating parameters such as apparent 
survival rates based on nonbreeding data may 
in certain cases produce more reliable estimates.  
Here, we compare our apparent survival rates 
with those estimated on the breeding grounds, 
and from other nonbreeding sites, and consider 
the prospects for interpreting apparent survi-
vorships with respect to age-specifi c site-fi del-
ity decisions and relative habitat qualities. 

METHODS

We studied nonbreeding Western Sandpipers at 
the Estero de Punta Banda (“Punta Banda”, 31°52’N, 
116°37’W), an isolated 20 km2 coastal wetland located 
on the northwest west coast of the Baja California pen-
insula, 13 km south of Ensenada.  We trapped birds 
at several locations within the estuary (Buenorostro 
et al. 1999), but consider return rates to the area as a 
whole in this study.  Shorebirds feed and roost on ex-
tensive mudfl at and marsh areas.  Maximal monthly 
population size of Western Sandpipers was estimated 
from the combination of monthly surveys of the en-
tire estuary conducted on low falling tides, and from 
counts at major feeding sites (Buenrostro et al. 1999). 
Western Sandpipers were captured with mist nets on 
high rising spring tides during four winters, from 
October to March of 1994–1995 (“1994”), September to 
April of 1995–1996 (“1995”) and 1996–1997 (“1996”), 
and November to March of 1997–1998 (“1997”).  Each 
bird was sexed based on culmen measurements 
(males <24.2 mm, females >24.8 mm; Page and Fearis 
1971), and aged as a juvenile (<1 year old) or adult 
based on plumage coloration of inner median coverts 
and tertial feathers, and wear of primaries (Page et al. 
1972).  Birds with culmen of intermediate size were 
considered unknown and discarded from the survival 
analysis.

From 1994–1997, 664 individuals were color 
marked.  Birds were captured throughout the fall, 
winter, and spring (September, 3%; October, 8%; 
November, 35%; December, 10%; January, 19%; 
February, 16%; and March, 9%).  Twenty-six birds of 
unknown sex were omitted from the survival analysis.  
Marked birds were resighted, using spotting scopes, 
during 1–4 h scanning surveys of Western Sandpiper 
fl ocks made on high–low spring tides throughout 
each season.  Resighting effort varied among years 
( = 40, SE = 10 days, n = 4 years; Table 1), averaging 
3 ( 1), resightings bird–1 year–1.

In preliminary analyses, the resighting data were 
initially reduced to the presence or absence of indi-
viduals during monthly intervals.  It soon became 
evident that individuals used Punta Banda for dif-
ferent durations and seasons, including birds which 
regularly stopped for short periods during migration, 
and whose residence time was independent with re-
spect to trapping month (Fernández et al. 2001).  In 
this article, to minimize effects of transient birds, we 
restricted the analysis to wintering resident individu-
als that were (1) banded during December–February, 
or (2) resighted primarily during those months.  
Eighteen percent of birds in this later category were 
fi rst banded outside December–February.  We report 
results for males only because females represented 
<20% of birds captured (see below).  Of 527 males 
color-banded between 1994–1997, 49% (256/527) 
were included in the analysis (n = 117 adult and 139 
juveniles).
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To estimate apparent annual survival rates, we fur-
ther reduced the data to a bird’s presence or absence 
each year.  Apparent survival rate ( , also termed 
“local” survival) is the probability that a bird alive in 
winter i remained available for resighting until winter 
of next year i + 1 (i.e. survived through that interval 
and did not permanently emigrate from the study 
area).  Detection rate (p) is the probability that a bird 
alive and associated with the study area in year i was 
detected in year i .  We estimated apparent survival 
and detection rates using the program MARK (White 
and Burnham 1999) following the information-theo-
retic approach discussed by Burnham and Anderson 
(1998). 

A global model that included age and annual 
variation in  and p was developed.  For the models 
that considered age effect, apparent survival was 
calculated for (1) the fi rst winter to the second winter 
season of life, for birds fi rst captured as juveniles, and 
(2) subsequent winter-to-winter years of life, using 
post-fi rst-year data for juveniles merged with data for 
birds caught as adults.  Goodness-of-fi t to that global 
model was calculated using a bootstrap method that 
generated a distribution of expected deviances under 
the assumptions of no heterogeneity and full inde-
pendence (n = 1,000 simulations).  That procedure 
tested whether or not our data met the assumptions 
of mark–recapture methods.  An overdispersion fac-
tor (  ) was calculated using deviance estimate for the 
actual data divided by the average deviance for the 
simulated data sets.  If overdispersion was detected 
(>1), relative model fi t was assessed with a modifi ed 
version of Akaike’s Information Criterion (AIC) that 
included correction factors for overdispersion and 
small sample size (quasi-AICc, QAICc).

We proceeded to improve model fi t by fi tting 
nested models with reduced number of parameters. 
Factorial models that included interactions among 
factors (e.g. age × time) and main effects models (e.g. 
“additive” model: age + time) were constructed by 
using dummy variables in design matrices (White 
and Burnham 1999).  All models were constructed 
using the logit-link function.  Models selected with 
AICc are the best approximating models for the data 
that consider some tradeoff number of parameters, 
sampling variance, and bias (Burnham and Anderson 
1998).  Models were selected if the difference in AICc 

from the best-fi t model was 2.  To obtain annual es-
timates of  and  , model parameters were weighted 
by Akaike weights (w), and model averaging was 
used to calculate parameters and unconditional vari-
ance that include model uncertainty (Burnham and 
Anderson 1998).  Resighting effort was used as a co-
variate to explain variation in detection probability. 

RESULTS

Between December and February each year, 
1,500-3,500 Western Sandpipers occurred at 
Punta Banda (Table 1).  We captured similar 
proportions of juveniles and adults each year 
( = 47% adults, SE = 2; Table 1), and 4  as 
many males as females ( = 81% males, SE = 2; 
Table 1), as expected at this latitude (S. Nebel 
et al. unpubl. data).  Due to our limited sample 
sizes for females, we restricted our survivorship 
analyses to males.    

Goodness-of-fi t tests based on bootstrap 
sim-ulations indicated that the model age×t, 
page×t was an acceptable global model (51.6% of 
1,000 simulated data sets had a deviance larger 
than that observed in the actual data set).  We 
did not detect overdispersion in our data set 
(  = 0.967).  One model had delta AICc values of 
0.0 (Table 2).  Apparent survival probability ( ) 
was constant and detection probability (p) was 
age-specifi c.  However, equally approximating 
models for the data included age, or time, or 
constant dependence in , and annual variation 
and a constant difference between ages, or age 
and year had additive effect, or constant depen-
dence in p.  The model with resighting effort as 
a covariate did not explain variations in detec-
tion probability ( AICc = 12.26). 

The approximating models produced es-
timates of apparent survival rates ranging 
between 0.469–0.489, and estimated detection 
probabilities of 0.390–0.610 for juveniles and 
0.651–0.819 for adults (Table 3).  We used a 
model averaging approach to calculate param-

TABLE 1. Population structure and annual number of wintering Western Sandpipers (December–February), at 
Estero Punta Banda, Baja California, Mexico.*

Population size Number Percent Percent Resighting Total number
Year x  ± SE banded adults males days of field days
1994 2,700 ± 423 299 46 87 13 35
1995 1,757 ± 361 81 51 81 39 54
1996 1,522 ± 228 179 40 74 49 76
1997 2,050 ± 600 79 49 81 31 43

* Twenty-six birds of unknown sex were excluded.
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eters averaged across all the models.  Apparent 
survival rate of juveniles was 8% lower than 
those of adults, and the probability of resighting 
was 18% higher among adults (Table 3).

DISCUSSION

Three aspects of our results are noteworthy.  
First, the difference in apparent survivorship 
between age classes was small.  Following a 
strict model-selection approach,  did not dif-
fer between age classes.  However, the levels 
of model uncertainty were relatively high, and 
estimates from averaging fi ve potential models 
that fi t our data approximately equally well 
suggest that adults had higher apparent survi-
vorship estimates than juveniles in both years 
(Table 3).  We conclude that the difference in 

  between age groups, although present, is of 
small magnitude.  

This is a striking conclusion in part because 
we expect substantially lower rates for juveniles 
in both the true survivorship and philopatry 
components of .  Studies of nonbreeding shore-
birds have found that juveniles are more suscep-
tible to predation than adults (Kus et al. 1984, 
Whitfi eld et al. 1986, Bijlsma 1990, Cresswell 
and Whitfi eld 1994), are disadvantaged in 
competition for food or space (Goss-Custard 
1977, Cresswell 1994, Hockey et al. 1998), have 
lower apparent survivorship (Warnock et al. 
1997), and lower true survivorship (Evans 1991, 
Thompson and Hale 1993, Peach et al. 1994).  
Thus, current research consistently shows or 
implies a lower true survivorship component of 

  for juveniles.  For male Western Sandpipers 
at Punta Banda, we also expect higher rates of 
permanent emigration by juveniles than adults, 
which would also lower juvenile  values.  
Nonbreeding Western Sandpipers segregate 
among latitudes by sex and age class (Nebel 
et al. 2002).  Young males are disproportion-
ately represented in the northern end of the 
nonbreeding range, which includes Punta 
Banda.  To the extent that the latitudinal trend 
in age ratios refl ects southward movement of 
some males between their fi rst and subsequent 
seasons, as opposed to arising entirely from a 
latitudinal trend in relative true survivorship of 
the age classes, we expect higher juvenile than 
adult permanent emigration from Punta Banda.  
Instead, we found little difference between age 
classes in .

One explanation is that there is only a small 
age-class performance difference between 
adults and those juveniles that have survived to 
the December–February marking period.  That 
implies that most differential juvenile mortality 
would occur after fl edgling, on migration, at 
stopovers (e.g. Dierschke 1998), or early after 

TABLE 2. Akaike Information Criterion (AICc) values* 
for maximum-likelihood models of apparent 
survival ( ) and detection probability (p) of male 
Western Sandpipers (n = 117 adults and 139 
juveniles).  

 Model for p
Model ____________________________________  

 for a × t a + t t a c
a × t 10.24 9.63 6.50 7.45 5.84 
a + t 7.62 3.43 3.47 4.59 3.25 
t 5.55 1.37 4.68 3.22 4.64 
a 5.79 2.05 2.22 1.63 0.68 
c 3.78 0.13 3.59 0.00 2.07 

* AICc are expressed as deviations from the best-fit model. Best-fit 
( AICc = 0) and best-approximating models for the data ( AICc  2) 
are shown in boldface type; a is age effects (adult vs. juvenile), t is time 
or annual variation, c is constant, × denotes a model with interaction, 
and + denotes an additive or main-effects model. 

TABLE 3. Apparent survival ( ) and resighting rate
(p) of male Western Sandpipers wintering at
Estero Punta Banda, Baja California, Mexico in
1994–1997.

 Age ________________________

Model Year Juveniles Adults

c, pa+t

Apparent
survival Pooled 0.489  0.040 0.489  0.040

Resighting 1994–1995 0.610  0.090 0.819  0.074

1995–1996 0.390  0.126 0.655  0.100
1996–1997 0.393  0.104 0.651  0.115

c, pa

Apparent
survival Pooled 0.469  0.036 0.469  0.036

Resighting Pooled 0.537  0.083 0.741  0.072

,ˆ p̂ a

Apparent
survival 1994–1995 0.450  0.067 0.490  0.051

 1995–1996 0.461  0.084 0.502  0.065
 1996–1997 0.500  3.777 0.540  3.761

Resighting 1994–1995 0.636  0.107 0.755  0.089
 1995–1996 0.535  0.151 0.672  0.101
 1996–1997 0.508  2.144 0.646  2.825

a Annual estimates were calculated via model averaging (mean ±
unconditional SE). 
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arrival at nonbreeding locations.  However, the 
nonbreeding season performance differences in 
foraging ability and susceptibility to predation 
between adults and juveniles listed above make 
that unlikely to be a complete explanation. 

The second interesting aspect of our data 
is that the  values of 0.47–0.49 found for the 
Punta Banda birds are lower than other esti-
mates for Western Sandpipers.  Those include 
0.62 and 0.57 for males, and 0.59 and 0.55 for 
females, for birds breeding at Nome, Alaska, 
in 1993 and 1994, respectively (Sandercock et 
al. 2000); return rates, which underestimate , 
of 0.58 for males and 0.49 for females breed-
ing in the northern Yukon–Kuskokwin Delta, 
Alaska, in 1966–1969; 0.56 and 0.61 for mixed 
sex samples of adults and juveniles, respec-
tively, overwintering at Cabo Rojo, Puerto Rico 
(Rice 1995); and 0.54 for males and 0.62 for fe-
males overwintering at Chitré, Panama (O’Hara 
2002).  Our estimate is also substantially lower 
than the level of true survivorship needed to 
sustain a breeding population of Semipalmated 
Sandpipers (Calidris pusilla, ~0.80; Hitchcock 
and Gratto-Trevor 1997), a species with demo-
graphics likely comparable to those of Western 
Sandpipers.  Low values of  suggest that male 
Western Sandpipers wintering at Punta Banda 
have below-average survival rates, below aver-
age annual site-fi delity, or both.  One qualifi ca-
tion on this conclusion is that  has meaning 
only with respect to a defi ned area, and lower 
values will be obtained for studies done on 
smaller scales relative to interannual dispersal 
distances.  Because our capture histories sum-
marize birds caught throughout the estuary, we 
do not believe that this accounts for our results.

Our fi nding of only a small difference in 
apparent survivorships between age classes 
occurred not because juvenile  was unusually 
high, but because the adult  was unusually 
low, due to higher levels of annual adult mor-
tality or higher levels of permanent emigration 
than found at other sites.  Both possibilities 
imply that Punta Banda is a below-average 
nonbreeding site for adult male sandpipers, 
and that adults should be underrepresented in 
the population.  Consistent with that hypoth-
esis, the age ratio as measured by the banding 
samples is about half juveniles and half adults, 
which under-represents adults relative to what 
we expect from the birds’ basic demography 
(c.f. Semipalmated Sandpipers, Hitchcock and 

Gratto-Trevor 1997).  Furthermore, residency 
patterns of transient and wintering birds at 
Punta Banda were independent of age, trapping 
month, or year, and older birds were more like-
ly to depart earlier and switch their residency 
pattern, from wintering to transient (Fernández 
et al. 2001), suggesting less attachment to Punta 
Banda as a nonbreeding site.  Assuming that 
the true survivorship of juveniles is lower than 
that of older birds, and apparent survivorship 
at Punta Banda is not greatly different for both 
age classes, the site-fi delity rate of birds return-
ing to Punta Banda in their second year of life 
must in fact be higher than that of birds banded 
as adults.  To put it differently, individuals may 
have a greater propensity to disperse to a new 
site in their third or subsequent years than do 
birds returning after their juvenile season.

Our third intriguing fi nding was that al-
though the detection rate was relatively high, 
we had a higher probability of not detecting 
birds marked as juveniles in subsequent years 
when they were in fact still alive, suggesting 
temporary emigration or other behavioral dif-
ferences.  Spatial segregation of cohorts of birds 
and biased resighting efforts can lead to biased 
detection and survival rates (Pradel et al. 1995).  
Spatial segregation of juveniles and adults 
does exist among sites within Punta Banda 
(Buenrostro et al. 1999).  However, within this 
estuary and within age classes, we believe that 
there was suffi cient mixing of birds such that 
differential resighting probabilities when sum-
marized across three months were minimal.  
Punta Banda is not a large estuary, and during 
falling tides most of Western Sandpipers con-
centrate at one area.  Our resighting efforts cen-
tered on that site and visibility was excellent.  
Thus, we believe that birds marked as juvenile 
males were genuinely temporarily absent in a 
subsequent year (e.g. their fi rst “adult” season) 
more frequently than those marked as adults.  
Conversely, birds marked as adults and sub-
sequently failed to return in subsequent years 
more often than did those marked as juveniles, 
due to permanent emigration or death.  The 
former might occur if adults had suffi ciently 
greater experience in evaluating sites to make 
“seeking greener pastures” more profi table 
than benefi ting from the presumed advantages 
of local familiarity that favor site-fi delity in gen-
eral (e.g. Baccetti et al. 1999), which may have 
operated more strongly in younger birds.  As 
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with a low overall local survival rate, that result 
also implies that Punta Banda is a below aver-
age nonbreeding site for older male Western 
Sandpipers.  

From a comparative study of sparrows, 
Sandercock and Jaramillo (2002) suggested that 
rates of site-fi delity on the breeding grounds 
were likely to be lower than that on nonbreed-
ing grounds, due to compromises attributable 
to mate, nesting, and additional ecological con-
siderations associated with reproduction.  We 
agree that this is plausible, but suggest that the 
opposite may also be the case.  The additional 
constraints on breeding site settlement deci-
sions relative to nonbreeding site settlement 
may increase, rather than decrease site-fi delity.  
As a data base of apparent survival rates from 
different species, sites, ages and sexes accu-
mulate, careful comparisons among them may 
provide novel information not only on minimal 
annual survival rates, but also on relative site 
quality and the behavioral ecology of birds’ 
breeding and nonbreeding site-fi delity.  
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